Summary Karyotypic analyses were performed in twenty populations of fourteen Bromus species and varieties from three sections of Bromus L., Genea Dum., and Pnigma Dumort., growing in Iran for the first time. The chromosome numbers of B. stenostachyus, B. tomentosus and B. kopetdaghensis are new and new polyploidy level has been reported for B. cappadocicus, B. erectus, B. variegatus and B. tomentosus. The ANOVA and LSD tests revealed a significant differences (pϽ0.01) in the size of chromosomes as well as chromosome arms among the populations of each species, among species with similar somatic chromosome numbers in each section and also among the three sections studied, indicting the role of the chromatin change in the species diversification in the genus Bromus. PCA analysis showed that the mean chromatin length of the chromosomes is one of the most variable karyotypic features among the Bromus species studied. Pearson correlation determined among the karyotypic features showed that the increase in the mean chromatin length has been accompanied with an increase in the size of both short and long arms of the chromosomes. The increase in the mean chromatin length showed a significant correlation with the TF percentage therefore increasing the level of karyotype symmetry.
The genus Bromus L. (tribe Bromeae, Poaceae) is a well-defined natural group of grasses which comprises about 160 annual and perennial species (Acedo and Liamas 2001) , distributed all over the world with greatest variation in Europe and Asia (particularly South-West Asia; Stebbins 1981) .
The Bromus species are annuals or perennials and are typically cool-season grasses, varying greatly in adaptation and use, including some important forage and range species, such as B. inermis, B. anomalus, B. pumpellianus, B. catharticus, B. mollis and B. rigidus (Carlson and Newell 1985) . Basic chromosome number is xϭ7 and chromosome numbers vary from 2nϭ14 to 2nϭ84, most of the species being diploid (2nϭ14) or tetraploid (2nϭ28) (Federov 1969) . Chromosome size may be very different among species (Armstrong 1983 , 1987 , Schifino and Winge 1983 . Ploidy levels may vary within the same species, as in B. diandrus and B. sterilis (Oja and Laarmann 2002) .
The available literature from the other parts of the world dealing with cytogenetics of Bromus (Armstrong 1987 , Schifino and Winge 1983 , Devesa et al. 1990 , Luque and Díaz Lifante 1991 , Lövkvist and Hultgård 1999 , Oja and Laarmann 2002 indicates the importance of these taxa, while such data is totally lacking for the species growing wild in Iran. Bor (1970) in Flora Iranica, places the Bromus species in six sections. The present study reports the karyotypic features of twenty populations of fourteen Bromus species and varieties belonging to three sections of Bromus L., Genea Dum., and Pnigma Dumort., for the first time. The section Bromus L. is comprised of ten species in Iran, while the sections Genea Dum., and Pnigma Dumort., contain six and ten species Respectively (Bor 1970 ).
Materials and methods

Plant material
Karyotypic studies were performed in twenty populations of fourteen Bromus species and varieties growing wild in Iran. The species and varieties studied are: 
Cytological studies
For karyotypic studies freshly grown root tips were collected from the germinating seeds of at least ten randomly selected plants in each species, pretreated with 0.002 mol 8-hydroxyquinolin (1-2 h) and fixed in ethanol : acetic acid (3 : 1) for 24 h. The fixed tips were then washed thoroughly in distilled water and macerated in 60°C 1 N HCl for about 30 s. Squash technique was used for cytological studies with 2% aqueous aceto-orcein as the stain. The somatic chromosome number and karyotypic details were studied in at least 5 well-prepared metaphase plates in each species and population. The chromosomes were sketched with the use of a Camera Lucida and measurements were performed accordingly from such sketches. The chromosomes were identified according to Levan et al. (1964) , karyotype symmetry was determined according to Stebbins (1981) , while other karyotypic parameters like the total form percentage (TF %) and the coefficient of variation of the chromosome size were also determined (Sheidai et al. 2000) .
Statistical analyses
The analysis of variance (ANOVA) and the least significant difference test (LSD) were performed to reveal significant differences in the size of chromosomes among the populations of each species as well as among species with similar somatic chromosome numbers in each section and also among the 3 sections studied (Sheidai et al. 2000) . The Pearson correlation coefficient was determined among karyotypic features.
In order to group the species studied based on similarity in their karyotypic features, UPGMA (Unweighted Paired Group with Arithmetic Average) and Neighbor Joining (NJ) clustering methods as well as ordination based on principal coordinate analysis (PCO) were performed. Since the species studied possess different somatic chromosome numbers, relative karyotypic parameters were used in clustering and PCO ordination. Principal components analysis (PCA) was performed to identify the most variable karyotypic characters among the species studied. NTSYS Ver. 2.02 (1998) was used for clustering and PCO analyses.
Results and discussion
Details of karyotypic analyses in the Bromus species studied are presented in Tables 1-3 (Nazarova and Goukasian 1995 , Sakamoto and Muramatsu 1963 , Hill 1965 , Ainouche et al. 1995 , Devesa et al. 1990 , Lövkvist and Hultgård 1999 .
In Strid (1983) , reported 2nϭ8xϭ56 for B. cappadocicus, therefore the diploid chromosome number of 2nϭ14 is new for this species. Armstrong (1984) and Lloret and Cardona (1988) reported 2nϭ4xϭ28 and 2nϭ8xϭ56 for B. erectus, therefore, the diploid chromosome number of 2nϭ14 is new for this species. Stählin (1929) and Armstrong (1984) reported 2nϭ2xϭ14 and 2nϭ4xϭ28 for B. variegatus, therefore 2nϭ6xϭ42 is new for this species. The chromosome numbers of 2nϭ14, 28 and 70 were reported for B. tomentosus (Barnett 1957 , Petrova et al. 1997 , therefore the hexaploid chromosome number of 2nϭ6xϭ42 reported here is new for this species.
The tetraploid chromosome number of 2nϭ4xϭ28 reported here for B. biebersteinii supports the previous studies (Armstrong 1984 (Armstrong , 1987 , while the chromosome numbers of 2nϭ4xϭ28 and 2nϭ6xϭ42 are new for B. stenostachyus, B. tomentosus (4ϫ) and B. kopetdaghensis (6ϫ).
The size of chromosomes varied from 2.89 mm in the Tehran population of B. sterilis to 17.35 mm in the Astara population of B. scoparius var. scoparius and they were mainly of metacentric (M or m) and sub-metacentric (sm) types (Tables 1, 2 ). The highest total chromatin length occurs in the Gachsar population of B. erectus (108.50 mm) and the highest mean chromosome length was obtained in the Astara population of B. scoparius (13.08 mm), whereas the lowest value for the same parameters (30.62 and 4.37 mm respectively) occur in the Tehran population of B. sterilis.
The highest degree of chromosome size variation (CV) among the cells analysed (29.30) occurs in the Hezarcham population of B. tomentosus, whereas the smallest CV value (13.74) occurs in the Tehran population of B. sericeus. The ANOVA and LSD tests reveal a significant differences (pϽ0.01) in the size of chromosomes as well as chromosome arms almost among all populations and species with similar somatic chromosome numbers in each section (Table 3) and also among the species of the three sections studied. This indicates that a significant change in the size of chro- 
Sat. Ch, SAT-chromosomes; ST class, Stebbins class; M, metacentric chromosome (centromere in the median point); m, metacentric (centromere in the median region); sm, sub-metacentric chromosome.
matin plays role in the species diversification which is also supported by PCA analysis (will be discussed in the following paragraphs). Considering the symmetry of karyotypes, both TF% and Stebbins system show the presence of symmetrical karyotypes in the Bromus species studied. Most of the species possess TF% of Ͼ40 and are placed in 1A, 2A or 1B and 2B classes of Stebbins system (Table 2 ). The presence of 3B karyotype in the Tehran population of B. sterilis is related to the low TF% index (32.00) in this species. TL1-TL7, total size of chromosomes 1-7; L1-7, size of the long arms of chromosomes 1-7; S1-7, size of the short arms of chromosomes 1-7.
Pearson correlation determined among the karyotypic features shows that with an increase in the mean chromatin length, there is increase in the size of both short and long arms of the chromosomes. Increase in the mean chromatin length also shows a significant correlation with the TF percentage therefore increasing the level of the karyotype symmetry.
PCA analysis (data not given) shows that the first 3 components comprise about 93% of the total variation. In the first component with about 49% of total variance, the mean chromatin, size of the short and long arms as well as TF% are the most variable characters (rϾ0.83) while in the second factor with about 26% of total variance, CV and the ratio of longest to shortest chromosomes are the most variable characters (rϾ0.88). In the third factor with about 17% of total variance, change in the polyploidy level (chromosome number) and total chromatin length are the most variable characters (rϾ0.80). Therefore these karyotypic characters play role in the genomic changes of the Bromus species. Clustering and ordination of the Bromus species show similar results, therefore NJ dendrogram is discussed here (Fig. 3) . The species of each section show some degree of relationship and are placed close to each other, however members of each section do not form a distinct separate group. The reason for mixing of the species from three sections is the significant difference in their karyotypic details therefore such data are of not immediate use in the sections delimitation. Table 2 ).
